The growth of an organism is surely a complex process, but it is known that its rate may be regulated by changing the temperature and, often, the light intensity. Studies on the temperature relations of growth are complicated, however, by the usual sigmoid character of the growth curve, which makes difficult a comparison of the rates under different circumstances (Crozier, 1926-27; Brown, 1927-28) . For this reason material was sought which should have a simple, measurable form and a constant growth rate. This was found in the sporangiophores of the fungus Phycomyces, where over a period of 6 to 12 hours growth is practically a linear function of the time, and is identical with the elongation of the sporangiophore (which remains isodiametric throughout). Furthermore, each sporangiophore, and theoretically the whole fungus culture, is without cross-walls, thus eliminating the intricacies resulting from a consideration of growth as a problem in the statistics of cell number.
The following experiments deal with the relation between temperature and the growth of Phycomyces; work is in progress concerning light, which is simultaneously a regulating factor.
II.
Cultures of Phycomyces blakesZeanus (" +" strain) t were grown in short glass vials on a sterile medium of bread wet with prune juice. When a mass of young sporangiophores was formed, the culture was transferred to an ice chest at 4°C., t I wish to thank Professor A. F. Blakeslee for his kindness in supplying these cultures, 4O7
The Journal of General Physiology where growth was slow, and kept there until needed. Since all the temperature effects found have been completely reversible after a short interval, there can be no question here of thermaladaptation. For use, a culture vial was placed in a little water at the bottom of a tall glass cell with plane sides and top, nearly submerged in a large, rectangular water Fxc. 1. The elongation of a typical sporangiophore of Pkycomyces with time. Deviation from a straight line relationship is imperceptible over much greater periods of time. Ordinate values are in arbitrary units from the ocular micrometer scale, thermostat similar to that described by Crozier and Stier (1926-27, b) , and capable of being regulated to within ~ 0.004°C. Two parallel pieces of plate glass were let into opposite sides of the thermostat to serve as windows for lateral observation of the immersed cell and its contents, and a small dark room was built around the whole apparatus.
Observation of the fungus was made by means of a long-focus horizontal microscope, with vertical and horizontal adjustments, which projected into the dark room opposite one of the windows of the thermostat. Through the other window came a faint red light which was flashed on at intervals to give a silhouette of the sporangiophore against an ocular micrometer scale. The vertically growing sporangiophores, which have an exceedingly low threshold of phototropic sensitivity, were continuously oriented by a constant intensity of light admitted from above through a tube containing heat filters and diffusing screens. At least 15 minutes were allowed for the establishment of thermal equilibrium after each temperature change. Readings of the position of the sporangium on o., o~
The rate of growth of one sporangiophore of Phycomyces as a function of temperature. The apparent spiraling of the points about the line in this and other plots is random and without significance, as is shown by other series of observations, except that greater variability in rate frequently appears at "critical temperatures." the micrometer scale were usually made at intervals of 1 minute; with low temperatures, less frequently.
The rate of growth at a particular temperature is determined by plotting the micrometer ocular readings against time. A minimum of ten points is taken, usually more, and the best straight line drawn through them. This is always justified, unless irreversible changes are taking place, since the practical constancy of the growth rate of Phycomyees sporangiophores over long periods of time is well established (Fig. 1, cf . Blaanw, 1914; Graser, 1919) . The slope of the line is taken as the rate.
GROWTH OF SPORANGIOPHORES OIF PHYCOMYCES
HI.
When for a particular sporangiophore the logarithm of the growth rate is plotted against the reciprocal of the absolute temperature, the points are typically found to have a linear sequence, fluctuating about a mean straight line. Characteristic plots of this sort are given in Rate at Tt ° the significance of the constant ~ in relation to the rates of vital processes has been discussed in detail by Crozier (1924; 1925-26, b ; and other papers). In Table I are given all the values of g obtained, these being calculated from plots similar to those in Figs. 2 and 3. It is evident that the values group themselves about modes which are in the vicinity of 11,000, 16,000, 20,0C0, 26,000, and 33,000 calories.
The magnitude of u is not correlated with the absolute growth rate. These numbers agree strikingly with those listed by Crozier (1925-26, b) for a great variety of biological processes. The temperature characteristics computed for the early growth of Rhizopus hyph~e are 16,800 and 15,700; for Gibberella colonies, 11,100 (Crozier, 1926-27) .
While some sporangiophores may follow a single temperature characteristic from 7°C., below which temperature difficulties in experimentation become great, to around 26°C., which is the region of (Crozier, 1926-27) . Thermal destruction is seen here near 27 °, but precise estimation of its locus is difficult because of a lag in the response of the sporangiophore. In passing from the region of thermal destruction to a lower temperature there is prolonged hysteresis. incipient thermal destruction, other individuals may show "breaks" or changes in absolute rate of growth, or both simultaneously (asinFig. 4; cf. Crozier and Stier, 1926-27, a; 1926-27, b) . The specific theory of abrupt changes of thermal increment as related to possible shifts in control in a series of catenary chemical reactions has been treated by Crozier (1924, etc.) , as well as the significance of the "critical temperatures" at which irregularities or innovations may appear (Crozier, 1925-26, a) . There is considerable evidence that with Phycomyces the region of 15 ° is a critical one, and in many of these temperature plots a slight absolute falling off in rate without definite change of z is observed near 20 ° .
It is important to note that any process of averaging the results on different sporangiophores, either from the same or from different cultures, as Graser (1919) did, would certainly lead to chaotic results, since both absolute rate and thermal increment may vary from one temperature. This experiment was run from a low temperature to the highest, and was not checked by lowering the temperature. It is possible that the "break" is not reversible, a circumstance which has been found with Noto~ecta "hearts" (Crozier and Stier, 1926-27, a) . Similar plots have been obtained with embryonic Limulus hearts (Crozier and Stier, 1926-27, b) .
individual to another. There is no reason, for example, to suppose uniformity of conditions at the bases of two sporangiophores, because there must be a changing gradient of foodstuffs and split products throughout the mycelial mat. An attempt was early made to eliminate this complication through the use of a sterile, flowing medium, but under these circumstances the fungus does not fructify. The con-siderable variety of temperature characteristics that has been found agrees well with the known complexity of culture conditions, and there is no reason to suppose that all of the possible values have been encountered.
IV.
The range of values of critical thermal increments for the growth of Phycomyces is of interest as concerns the general theory of growth, in showing that there is not one temperature coefficient for this process--a "temperature characteristic for growth"--and, furthermore, in regard to the possible identification of the values found with a variety of specific catalysts found to control the rates of vital processes.
SUMMARY.
